
Chapter 1 – Microbiology                                   
 
This is the most important section in this manual.  A 
thorough understanding of this chapter will provide 
a basis for the remainder of the publication.  
 
Foodborne disease outbreaks in the United States are 
caused by bacteria, viruses, chemicals, and 
parasites.  Recent studies suggest that the most 
common agent in foodborne disease outbreaks is 
norovirus.  Symptoms of norovirus include 
nausea, vomiting, and diarrhea. This virus can be 
spread very easily by bare hand contact with food. 
 
Chemicals are usually in solution and cannot be seen. 
Parasites involved in most outbreaks are very small and 
cannot be seen with the unaided eye. Bacteria and viruses 
are extremely microscopic. It would take millions of 
bacteria to produce a colony the size of the period at the 
end of this sentence. This many bacteria are more than 
enough to cause many people to become seriously ill.  
The following example illustrates how small bacteria and 
viruses are. 
 

   

SOURCES OF BACTERIA 

Bacteria are everywhere in our environment. Most are 
harmless. Some are beneficial and are used to make foods, 



such as cheese. Others are spoilage organisms that sour 
and rot our food. A few become a threat to our health 
when they grow and reproduce. Sources of these bacteria 
are as follows: soil, water, air, dust, edible plants and 
plant products, animals and animal products, intestinal 
tract of man and animals, employee's hands and 
contaminated food utensils and equipment. 

 BACTERIA IN FOOD 

A common misconception is that food is free of bacteria 
that cause foodborne diseases when it reaches the 
establishment or after processing. The following 
information suggests otherwise. 

Red Meats. Concentrations of two types of foodborne 
disease organisms were found in 28% of pork sausage. 
Fresh ground beef in a recent study was found to contain 
three types of foodborne disease organism E. coli 
O157:H7, Salmonella, and Campylobacter. 

Poultry. Poultry represents an important source of 
foodborne disease organisms. In one study, 90% of the 
market-ready chicken and turkey were contaminated with 
foodborne disease bacteria. In another study, more than 
half of the poultry samples harbored two types of 
foodborne disease bacteria, Salmonella and 
Campylobacter. 

Seafood. The incidence of foodborne disease organisms in 
shellfish depends greatly upon the quality of water from 
which animals are harvested and handled. In one study, 
47% of clams, mussels, and oysters were positive for 
enteroviruses. In another study, 33% of the seafood 
tested positive for organisms of salmonellosis. 

Dairy Products. Milk is of little risk because it is 
pasteurized. However, postpasteurization contamination 
and adding ingredients to milk increases potential for 
outbreaks. Twenty percent of some cheeses are 
contaminated with disease bacteria. Unpasteurized dairy 
products present greater risk. Raw milk tested positive for 
a common disease organism in 48% of the samples taken. 



Deli Foods. More than 95% of retail salads (chicken, egg, 
ham, macaroni, shrimp, etc.) in a recent survey were 
contaminated with low levels of a common foodborne 
disease organism. Sixty percent of sandwiches were found 
contaminated. 

Dry Products. In a survey of dry sauce and gravy mixes, 
soup mixes, spaghetti sauce mixes, and cheese sauce 
mixes, 18% were contaminated with foodborne disease 
organisms.  

Grains. Grains and granary products are commonly 
contaminated with bacteria. In one study, 100% of raw 
rice was contaminated with a foodborne disease organism. 

Bakery Products. The surfaces of freshly baked bread 
products are practically free of microorganisms, but they 
are subject to contamination from the air during cooling 
and during handling. Filled pastries present much greater 
risk. 

Vegetables. Raw vegetables are commonly contaminated 
with bacteria from the soil. For example, botulism-causing 
bacteria were found in 12% of frozen spinach in one study. 
In another study, 46% of raw vegetables were contam-
inated with another foodborne disease organism. In 
another study, 26% of the fresh potatoes and 30% of 
fresh radishes tested positive for Listeria organisms. 

HUMAN BACTERIA 

Another common misconception is that healthy employees 
do not harbor bacteria. Humans have their own natural 
population of bacteria (part of the normal flora), and some 
are the variety that cause foodborne diseases. Most people 
are carriers of bacteria that cause Clostridium perfringens 
food poisoning. Also, 30 to 50% of the population has 
staphylococcal food poisoning organisms in their nasal 
passage or on their skin. Of course, sick employees are 
carriers of great numbers of organisms that cause disease. 

FACTORS INFLUENCING BACTERIAL GROWTH 



Bacteria have specific nutritional and environmental needs 
in order to survive and reproduce. They are as follows: 
food, moisture, proper atmosphere, pH, temperature, and 
inhibitory substances. 

                

Food. Bacteria have various food preferences. Those of 
public health concern like the same kinds of food we like. 

Moisture. There must be adequate moisture for bacteria 
to grow. The amount of moisture needed is defined by the 
term water activity (aw). Fresh beef with a high aw (0.99) 
will support rapid bacterial growth. However, cured beef 
jerky with a lower aw (less than 0.85) will not. 

Atmospheric Requirements. Some bacteria grow rapidly 
only in the presence of free oxygen; others require the 
absence of oxygen; some grow in both atmospheres and 
even others may have special atmospheric requirements. 
Cooking drives off oxygen; stirring, mixing, and beating 
foods introduce oxygen. 

pH. The pH of the bacteria's environment is a 
measurement of the degree of acidity or alkalinity. The 
scale is 0 - 14. Most foods occupy the pH scale from 2.3 
(which is acidic) to 8.0 (which is slightly alkaline). A pH of 
7 is neutral. Most bacteria of public health concern grow 
best at pH values between 4.6 to 7.5. Examples of food pH 
are as follows (in decreasing order of acidity): lemons, 
2.3; vinegar, 3.0; tomatoes, 4.2; bread and ground beef, 
5.5; ham, 6.0; corn, 6.3; chicken, 6.4; milk, 6.5; fish, 6.8; 
pure water, 7.0; and egg white, 8.0. Mixing foods of 
different pH changes the pH of the mixture. 



Temperature. Some spoilage bacteria grow best at 
refrigeration temperatures. Some others grow best at 
temperatures above 120°F. Those of public health concern 
grow best between 60° and 120°F. 

Inhibitory Substances. Inhibitory substances from 
bacteria themselves, or as a natural ingredient of food or 
added during food processing, may slow down, stop or 
inhibit growth of some bacteria or enhance the growth of 
others. Salted ham is a good example. Because of the salt 
concentration, spoilage bacteria growth is inhibited. 
However, the condition supports the growth of a common 
food poisoning bacteria. 

It is important to understand these things in order to 
appreciate what influences bacterial growth, or why some 
foods support bacterial growth in one form but not in 
another. 

BACTERIAL GROWTH 

Bacterial growth refers to the increase in number of 
organisms. This is accomplished by cell division, whereby 
the bacterial cell splits to form two cells.  

             

Bacterial growth can be very rapid but not until conditions 
are just right. There are four phases bacteria go through. 
It is important to understand what takes place at each 
phase of the bacterial growth curve. 



                

Lag Phase. When bacteria are introduced to food, there is 
an adjustment or lag period. During this time there is 
considerable biochemical activity but no increase in the 
number of cells. The lag phase can be from a few hours to 
days. 

Log Phase. When conditions are right, rapid growth 
commences. This is called the log or logarithmic phase 
because the bacteria double their number by cell division, 
some at a rate of every 20 minutes. This is generally not 
appreciated until it is graphically illustrated, like in the 
following example: 

Example of Logarithmic Growth Rate 

Time Number Time Number 

Start 216 2'20" 27,648 

20" 432 2'40" 55,296 

40" 864 3'00" 110,592 

1'00" 1,728 3'20" 221,184 

1'20" 3,456 3'40" 442,368 

1'40" 6,912 4'00" 884,736 

2'00" 13,824 4'20" 1,769,472 

 



The above example demonstrates how starting with 216 
bacteria and with a 20 minute doubling rate, after 4 hours 
and 20 minutes there would be over 1 million bacteria. 

Stationary Phase. After a period of rapid growth, bacteria 
numbers reach the leveling-off stage as nutrients are used 
up and waste accumulates. Foods at this level and beyond 
are usually "spoiled" because of the bacterial activity and 
are generally unacceptable from a purely organoleptic 
viewpoint (flavor, aroma, appearance). 

Death Phase. At this point, the food is no longer suitable 
for supporting growth and the bacteria die. 

INTERESTING INFORMATION ABOUT FOODBORNE 
DISEASE CAUSATIVE AGENTS 

Bacteria 

• No foodborne disease bacteria will grow when 
temperatures reach freezing, but many survive. Most 
bacteria grow slowly at refrigeration temperatures 
(41°F or less), and growth rate increases with 
increased temperature. Good growth occurs at room 
temperature (about 70°F). Fastest growth for most 
bacteria occurs between 90° and 100°F. Several 
bacteria types survive higher temperatures, and a 
few can tolerate boiling for a short period of time. 

• As few as two salmonellosis bacteria in a teaspoonful 
of milk is sufficient to cause the disease. To cause 
some other foodborne diseases, as many as five 
million or more bacteria in a teaspoonful may be 
required. Some bacteria concentrations in 
contaminated food may be 50 million or 
more/teaspoonful.  

• Some foodborne disease bacteria form spores 
(protective shells) when conditions are not suitable 
for growth. These bacteria can live for a long time in 
the spore stage in dry conditions, at adverse 
temperatures and during exposure to some 
chemicals. When conditions are suitable again, the 
bacteria grow.  

• Some foodborne disease bacteria do not grow very 
well when other competitive bacteria (such as 



spoilage bacteria) are present. Improperly cooking 
food might kill spoilage bacteria in the food, but this 
can then contribute to the growth of foodborne 
disease bacteria that are not killed until a higher 
temperature is reached.  For this reason, it is very 
important that foods are cooked to the proper 
temperatures.      

• Some bacteria produce a toxin (poison). Cooking the 
food may kill the bacteria but will not destroy the 
toxin. However, botulism toxin can be destroyed by 
boiling for at least 10 minutes. 

Viruses 

• Unlike bacteria, viruses do not grow in food. Food 
only serves as a “middle step” from the source of 
contamination to the consumer. The primary 
contamination source is man, either directly or 
indirectly.  

• The two viruses commonly attributed to 
foodborne disease outbreaks are hepatitis A and 
Norovirus.  Contaminated shellfish, uncooked 
foods and foods contaminated after cooking have 
contributed to a considerable number of hepatitis 
A outbreaks. Outbreaks of norovirus in uncooked 
foods are increasing throughout the nation. It is 
more resistant to destruction than hepatitis A 
virus. 

• Recently, norovirus has been the cause of several 
disease outbreaks associated with cruise ships. 

• Norovirus is extremely virulent and 
contagious.  This means that it can make 
someone very sick very quickly, and it is 
very easy to spread to another person.  
Symptoms include nausea, vomiting, and 
diarrhea.  A worker in a food 
establishment with these symptoms should 
not be allowed to work in an area where 
he or she might have direct contact with 
food or clean, sanitized work surfaces.  
Outbreaks of norovirus have been 
associated with a person simply being in 



the same room where someone else was ill 
– even 1 or 2 days after the ill person left 
the room!  

 

Prevention 

• The simple way to prevent these types of 
organisms from getting into food is to 
thoroughly wash your hands!  Chapter 6 of 
this manual describes how and when to wash 
your hands.  Some bacteria and viruses are 
so small that hand washing alone might not 
be enough to prevent these organisms from 
getting into food.  This is why, once your 
hands have been thoroughly washed, you 
should also avoid bare hand contact with 
ready to eat foods.  These are foods that will 
not be cooked before they are served.  
Examples are deli meats, cheese, lettuce, 
tomatoes, breads, etc.  You must always use 
some type of device such as tongs, forks, 
spoons, or gloves to avoid touching these 
types of foods with your bare hands.  Even 
after you have washed your hands, you still 
must not touch these types of foods with 
your bare hands.   

• Properly cleaning and sanitizing food contact 
surfaces such as counter tops, cutting boards, and 
other work surfaces will also help to prevent harmful 
bacteria and viruses from getting into food.  Section 
7 of this manual will describe proper techniques to 
wash and sanitize surfaces. 

Parasites 

• The most common parasite involved in foodborne 
disease outbreaks is the trichinosis nematode (a 



tapeworm). The disease is acquired from 
consuming raw or improperly cooked meat 
(primarily pork).  

• Other less common parasites that are found in, or 
transmitted by, food are protozoans that cause 
giardiasis and amebiasis. Infected persons 
transmit the organisms to food via not washing 
their hands after using the restroom.  

 Chemicals 

• Food accounts for 80-90% of the total human 
exposure to most chemicals from environmental 
sources. Fish poisoning (ciguatoxin and 
scombrotoxin) accounts for most of the reported 
outbreaks. Scombroid poisoning is most often a 
result of a naturally formed toxin produced in fish 
that have been improperly refrigerated.  

• Heavy metal poisoning occurs frequently when 
acid foods (such as lemonade) and carbonated 
beverages come in contact with such heavy 
metals as copper, zinc, antimony and cadmium.  
One example of this is a store that served juice 
during a grand opening sale.  Shortly after 
drinking the juice, several people became 
violently ill.  The juice was served in a galvanized 
container and the acids in the juice reacted with 
the metal, causing a heavy metal poisoning. 

• Proper storage of cleaning chemicals and ensuring 
proper temperatures of foods at all times will help 
to prevent the possibility of “food poisoning” from 
chemicals. 

SUMMARY 

• Bacteria are so small that thousands in one spot 
cannot be seen with the unaided eye.  

• Bacteria are everywhere. Most are harmless, some 
are beneficial and a few cause disease.  

• Proper handwashing and avoiding bare hand contact 
with foods that will not be cooked are a simple way 
to prevent harmful bacteria and viruses from getting 
into the food. 

• Fresh foods may contain disease-causing bacteria.  



• Three of the most essential requirements for 
bacterial growth are food, moisture and temperature.  

• Bacterial growth is accomplished by cell division.  
• When conditions are just right, bacterial growth can 

be very rapid and in a few hours the number can be 
in the millions.  

• Foodborne disease bacteria will not grow at freezing, 
but some grow at refrigeration temperatures, many 
grow at room temperature, and the greatest growth 
is between 90° and 100°F.  

• With some foodborne diseases, ingesting only two 
organisms is enough to cause illness. For others, 
thousands or millions of organisms are required.  

• Some bacteria form spores and can live a long time 
when growth conditions are not just right.  

• These spores can release a toxin into the food once 
conditions are right. 

• Viruses do not grow in food.  Man is the source of 
contamination. 

• The trichinosis nematode is an important parasite.  It 
is found in meat not properly cooked. 

• Improperly refrigerated fish can become toxic. 
• Lemonade in a copper container can become toxic. 
• A food worker who is experiencing nausea, vomiting, 

diarrhea, fever with sore throat, or jaundice must be 
restricted in his or her job duties until these 
symptoms subside. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check true
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


